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COMPARISON OF GROUND TESTS AND ORBITAL LAUNCH RESULTS 

FOR THE EXPLORER IX AND EXPLORER X I X  SATELLITES 

By Charles V. Woerner and Claude W .  Coffee, Jr. 
Langley Research Center 

SUMMARY 

A study has been made of the  f l i g h t - t e s t  r e s u l t s  f o r  t h e  launch and or-  
b i t i n g  of t h e  12-foot-diameter i n f l a t a b l e  spheres, Explorer I X  and Explorer X I X .  
The two f l i g h t  t e s t s  have demonstrated t h a t ,  i n  general, the  i n - f l i g h t  operation 
of t h e  e jec t ion  and i n f l a t i o n  system w a s  similar t o  t h a t  experienced during 
environmental t e s t s  and t h a t  a lightweight d e l i c a t e  s t ruc ture  can be erected i n  
space a f t e r  withstanding t h e  severe conditions imposed by an orb i t ing  spin- 
s t a b i l i z e d  launch vehicle .  The two f l i g h t  t e s t s  have demonstrated that t h e  lon- 
g i t u d i n a l l y  unrestrained folded sphere does not e j e c t  prematurely. The apparent 
magnitude, as reported by various Moonwatch teams, has shown very good agreement 
w i t h  t h e o r e t i c a l  calculat ions f o r  an i n f l a t a b l e  s t ruc ture  of t h i s  type.  

INTRODUCTION 

The present values of atmospheric densi ty  at  s a t e l l i t e  a l t i t u d e s  a r e  
inferred from the o r b i t a l  decay r a t e s  of s a t e l l i t e s  of various s izes  and shapes. 
Many of these  s a t e l l i t e s  are not sui ted f o r  t h i s  purpose since i n  most cases 
they a r e  nonspherical and t h e i r  f rontal-area or ien ta t ion  i s  not known. These 
s a t e l l i t e s  are a l s o  inconveniently slow i n  obtaining data  over a la rge  range of 
a l t i t u d e s  because they have a large r a t i o  of m a s s  t o  area.  Since o r b i t a l  decay 
rates are more rapid f o r  sa te l l i tes  having a s m a l l  r a t i o  of m a s s  t o  area,  a 
lightweight i n f l a t a b l e  spherical  s a t e l l i t e  having a 12-foot diameter w a s  
designed and constructed by the Langley Research Center. (See r e f .  1.) A 
12-foot-diameter s a t e l l i t e  w a s  placed i n t o  o r b i t  on February 16, 1961, by t h e  
Scout launching vehicle  and designated Explorer I X  (1961 Delta 1). The objec- 
t i v e s  of t h e  Explorer I X  sa te l l i t e  were: (1) t o  make air-densi ty  measurements 
a t  s a t e l l i t e  a l t i t u d e s  between north and south l a t i t u d e s  of 38.910; (2) t o  
study the e f f e c t s  of s o l a r  per turbat ions on s a t e l l i t e s  of s m a l l  r a t i o  of mass 
t o  area; (3) t o  study the  e f f e c t s  of a space environment on an i n f l a t a b l e  
s t ruc ture .  

A second 12-foot-diameter s a t e l l i t e  w a s  placed i n t o  a near polar  o r b i t  on 
December 19, 1963, by t h e  Scout launching vehicle  and w a s  designated 
Explorer X I X .  
(1) t o  extend t h e  upper a i r -dens i ty  measurements t o  the  polar  regions between 

The major object ives  of t h i s  a i r -densi ty  Explorer s a t e l l i t e  are:  



nor th  and south l a t i t u d e s  of 78.62O; (2) t o  determine t h e  l a t i t u d e  va r i a t ions  
and temperature of t h e  atmosphere; ( 3 )  t o  determine sources of atmospheric 

. heat ing by comparing measurements with other  s a t e l l i t e s ,  such as t h e  Explorer I X .  

The purpose of t h i s  paper i s  t o  present  t h e  f l i g h t - t e s t  r e s u l t s  f o r  t h e  
launching of t he  Explorer I X  s a t e l l i t e  and t o  compare these  f l i g h t - t e s t  r e s u l t s  
with ground t e s t s  i n  order t o  make an evaluation o f t h e  deployment system of t h e  
12-foot-diameter s a t e l l i t e .  Also, t he  r e s u l t s  of t he  launch of the  Explorer X I X  
s a t e l l i t e  a r e  presented. 

DESCRIPTION OF PAYLOAD 

A drawing showing t h e  general  arrangement of t h e  fourth-s tage rocket motor 
and i t s  payload, t h e  12-foot-diameter i n f l a t a b l e  sphere, i n  t h e i r  launch con- 
f igu ra t ion  f o r  Explorer IX i s  shown i n  f igu re  1. A photograph of t h e  complete 
payload f o r  Explorer I X  i s  shown i n  f igu re  2. The weight breakdown of t he  
assembled payload f o r  Explorer IX i s  presented i n  t a b l e  I. Photographs of t h e  
complete payload f o r  Explorer X I X  a r e  shown i n  f igu re  3 ,  and the  weight break- 
down of the  assembled payload i s  presented i n  t a b l e  11. 

Folded 12-foat-diameter 
inflatable sphere 

bottle 

Figure 1.- General arrangement of fourth-stage rocket motor and 
Explorer IX payload, the 12-foot-diameter inflatable sphere. 

I n f l a t a b l e  S a t e l l i t e  Package 

I n f l a t a b l e  sphere.- A general  descr ip t ion  of t h e  design, development, and 
fabr ica t ion  of t he  i n f l a t a b l e  spheres i s  given i n  reference 1. The spheres 
were constructed from a four-ply laminate cons is t ing  of a l t e r n a t e  l aye r s  of 
0.0005-inch-thick aluminum f o i l  and 0.0005-inch-thick p l a s t i c  fi lm. 
minum f o i l  forms t h e  outs ide  surface of the  sphere and t h e  p l a s t i c  fi lm, t h e  
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L-61-572 
Figure 2.- Photograph of complete payload 

f o r  launch of Explorer IX. 

L-63-9620 
Figure 3.- Photographs of complete payload 

assembly f o r  launch of Explorer XM. 3 



TABLE I.- WEIGHT BREAMX)WII OF EXPLORER IX PA" 

Weight, lb 
12-foot-diameter Snflatable satellite: 
Sphere. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12.470 
Solar-cell modules (4) . . . . . . . . . . . . . . . . . . . . .  1.019 
Transmitter module . . . . . . . . . . . . . . . . . . . . . . .  0.382 
Battery module . . . . . . . . . . . . . . . . . . . . . . . . .  0.380 
Battery switch . . . . . . . . . . . . . . . . . . . . . . . . .  0.014 

Plastic tape . . . . . . . . . . . . . . . . . . . . . . . . . .  0.102 
Copper cable . . . . . . . . . . . . . . . . . . . . . . . . . .  0.llJ 
Inflation-valve stem extension . . . . . . . . . . . . . . . . .  0.100 

The& patch over transmitter and battery modules . . . . . . .  0.040 

Total orbiting weight . . . . . . . . . . . . . . . . . . . . . . . . .  14.62 

Rubber spacers for packing folded sphere . . . . . . . . . . . . . . . .  
Inflation bottle: 

1.14 

Bottle, valve, squibs, and sqdb holder . . . . . . . . .  .a . 4.x) 
Inflation gas (nitrogen) . . . . . . . . . . . . . . . . . . . .  0.50 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.70 

and electrical harness . . . . . . . . . . . . . . . . . . . . . . . .  7.00 

Ejection bellows . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.02 

Disconnect mechanism . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 9  

Activation batteries, pressur? cell and switch, fairing switches, 

Folded-sphere container and coniciLz support section: 
Container . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.56 
Support section . . . . . . . . . . . . . . . . . . . . . . . .  4.52 

. . . . . . . .  11.08 Tatai- . . . . . . . . . . . . . . . . . . . . . . . . .  
Attachment collar and antennae . . . . . . . . . . . . .  
Payload telemeter and fourth-stage minitrack beacon 

Miscellaneous: 
Container cover (foam-plastic sheet with metal strip). 
Screws, bolts, nuts, and so forth . . . . . . . . . .  

Total . . . . . . . . . . . . . . . . . . . . . . . . . .  
Added weight: 
Staticbalance . . . . . . . . . . . . . . . . . . . .  
Dynamic balance . . . . . . . . . . . . . . . . . . .  
Ballast . . . . . . . . . . . . . . . . . . . . . . .  

Total . . . . . . . . . . . . . . . . . . . . . . . . .  

Total payload weight for launch . . . . . . . . . . . .  

. . . . . . .  11.16 

. . . . . . .  19.5 

. . . .  026 . . . .  0.70 . . . . . . .  O.% 

. . . .  2.21 . . . .  0.50 . . . .  4.16 

. . . . . . .  6.87 

. . . . . . .  79.65 

TABLE 11.- W G H T  BREAKDOWN OF EXPLORER XIX PAYLOAD 

Weight, lb 
12-foot-diameter inflatable satellite: 
Sphere. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14.328 
solar-cdl (4) . . . . . . . . . . . . . . . . . . . . .  2.186 
Transmitter module . . . . . . . . . . . . . . . . . . . . . . .  0.512 
Battery-control module . . . . . . . . . . . . . . . . . . . . .  0.486 
Battery switch . . . . . . . . . . . . . . . . . . . . . . . . .  0.019 
White paint patches for transmitter and battery modules . . . .  0.016 
Wavelength antenna on equator . . . . . . . . . . . . . . . . .  0.035 
Solar-cell collars (4) . . . . . . . . . . . . . . . . . . . . .  0.034 
Inflation-valve stem extension . . . . . . . . . . . . . . . . .  0.116 
Miscellaneous . . . . . . . . . . . . . . . . . . . . . . . . .  0.0% 

Total orbiting weight . . . . . . . . . . . . . . . . . . . . . . . . .  17-79 

Rubber spacers for packing folded sphere . . . . . . . . . . . . . . . .  1.53 
Disconnect mechanism . . . . . . . . . . . . . . . . . . . . . . . . . .  0.56 

Folded-sphere container and bellows . . . . . . . . . . . . . . . . . .  9.22 

Conical support section and inflation bottle 
(includes 0.73 lb of nitrogen gas for sphere inflation) . . . . . . .  20.51 

Pressure transducer and mounting bracket for X258 motor . . . . . . . .  1.23 

Telemeter and umbilical sections . . . . . . . . . . . . . . . . . . . .  41.03 

Interface bolts (payload to X258 motor) . . . . . . . . . . . . . . . .  0.17 

fourth stages of Scout vehicle . . . . . . . . . . . . . . . . . . . .  1.77 

Container cover (foam-plastic sheet) . . . . . . . . . . . . . . . . . .  0.11 

Thermistor (prime, spare, and potting) . . . . . . . . . . . . . . . . .  0.01 

Balance weights . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.49 

Total payload weight for launch . . . . . . . . . . . . . . . . . . . .  96.42 

Antenna and wiring harness an transition section between third and 
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ins ide  surface.  This arrangement 
of t h e  laminate mater ia l  simultan- 
eously provides the  r e q u i s i t e  
s t r u c t u r a l  s t i f f n e s s  t o  maintain 
the  spherical  shape of the  s a t e l l i t e  
without i n t e r n a l  pressure, makes the  
s a t e l l i t e  r e f l e c t i v e  of sunlight f o r  
o p t i c a l  tracking, provides the  
required e l e c t r i c a l  conductivity f o r  
a t racking beacon antenna, and helps 
accomplish the  thermal control  of 
the  s a t e l l i t e .  A photograph of the  
12-foot-diameter i n f l a t a b l e  sphere, 
f u l l y  i n f l a t e d ,  i s  shown i n  f i g -  
ure 4. 
from 4-0 f l a t  gores of the  aluminum- 
fo i l -p las t ic - f i lm laminate. (See 
f i g .  5(a) f o r  d e t a i l s  of a t y p i c a l  
gore.)  The gores, when bonded 
together , had a 0.4-inch overlap- 
ping seam. The overlapping seam 
did not make an e l e c t r i c a l  connec- 
t i o n  between the  gores; therefore ,  
t h e  individual  gores were e l e c t r i -  
c a l l y  connected by aluminum-foil 
s t r i p s  across t h e  seams. Fig- 
ure 5(b) i s  a drawing i l l u s t r a t i n g  
t h e  overlapping seams and the  
aluminum-foil s t r i p s .  

The sphere w a s  fabr icated 

It w a s  previously planned t o  
r e l y  on worldwide o p t i c a l  t racking 
of the  s a t e l l i t e  t o  obtain the  drag 
data;  however, i n  order t o  provide 
f o r  continuous day and night 
tracking, a radio t racking beacon 
s e t  w a s  added t o  t h e  sphere. The 
radio t racking beacon s e t  required 
spec ia l  e lec t ronic  packaging tech- 
niques along with thermal control  of 
the  sphere because t h e  l i f e t i m e s  of 
the  e lec t ronic  components and 
storage-battery c e l l s  of t h e  beacon 
s e t  were grea t ly  reduced f o r  tem- 
peratures  below -10' C or above 
60° C. An invest igat ion determined 
that proper temperature control  can 
be obtained while t h e  s a t e l l i t e  i s  
i n  sunlight by spot t ing t h e  outside 
surface of t h e  sphere with a coating 
having a low r a t i o  of so la r  absorp- 
tance t o  thermal emittance and by 



L-61-3762 .i 
Figure 4.- Photograph of 12-foot-diameter i n f l a t a b l e  sphere, Explorer I X .  

physical ly  separating t h e  beacon 
t ransmi t te r  and b a t t e r y  u n i t s  from 
t h e  inside surface of the  sphere i n  
order t o  minimize t h e  rate of heat 
t r a n s f e r  f o r  control while the  sat- 
e l l i t e  i s  i n  t h e  shadow of the 
e a r t h .  A deta i led  descr ipt ion of 
t h e  thermal control  of t h e  
Explorer I X  i n f l a t ab le  satel l i te  
i s  given i n  reference 2. 

The aluminum-foil i n f l a t a b l e  
sphere w a s  divided i n t o  two hemi- 
spheres by a 1--inch-wide gap of 

a d i e l e c t r i c  material ,  the  equator, 
so t h a t  t h e  two hemispheres could 
be used as the  antenna f o r  t h e  
t racking beacon. The fabr ica t ion  
d e t a i l s  of t h e  antenna gap are 
shown i n  f igure  5(c) .  Ten f i b e r -  
g l a s s  s t i f f e n e r s  were equal ly  
spaced around the  equator of t h e  
sphere and across t h e  antenna gap 
because of the  weakness of the  
d i e l e c t r i c  mater ia l  i n  buckling. 
The arrangement of t h e  s t i f f e n e r s  
is a l s o  shown i n  f igure  5 ( c ) .  

1 
2 

L11.71 

(a) Typical gore. 

---- 
TnsulstinE ewatorial  band 

Aluminum foil 

(b)  E l e c t r i c a l  cont inui ty  between gores. 

Ll.0 

I I L F i b s r - g l a s s  stiffener band 

( c )  General construction of antenna gap equator 
of p l a s t i c  f i lm.  

Figure 5.- Construction and mater ia l  d e t a i l s  of 
12-foot-diameter i n f l a t a b l e  sphere. ( A l l  
dimensions a r e  i n  inches.) 

5 



The 12-foot-diameter i n f l a t a b l e  sphere with t h e  attached tracking beacon 
1 
2 w a s  folded i n t o  a package 8- inches i n  diameter and 11 inches long. 

packaging the  folded sphere i n  t h e  container, four  pieces of foam rubber 
covered with aluminized p l a s t i c  f i l m  were inser ted  i n t o  the  fo lds  of the pack- 
aged sphere. 
i t s e l f  t i g h t l y  while v ibra t ing  during vehicle  ascent.  

To a i d  i n  

The foam-rubber pads prevented t h e  folded sphere from packing 

Radio t racking beacon s e t  f o r  t h e  Explorer - - -. I X  s a t e l l i t e . -  The t racking 
a t ransmi t te r  module, a b a t t e r y  module, 

Figure 6 shows a photograph of 
The weights of t h e  modules a r e  given i n  t a b l e  I, 

beacon s e t  cons is t s  of seven modules: 
a b a t t e r y  switch, and four  s o l a r - c e l l  modules. 
the  tracking-beacon modules. 
and a descr ipt ion of t h e  radio t racking beacon s e t  i s  given i n  reference 3.  
The t ransmi t te r  and b a t t e r y  modules were almost i d e n t i c a l  i n  weight and were 
located diametr ical ly  opposite on t h e  inside surface of t h e  sphere near t h e  
equator ia l  gap i n  order t o  preserve t h e  m a s s  balance of the  i n f l a t e d  sphere and 
t o  f a c i l i t a t e  t h e  connection t o  t h e  antenna. The s o l a r - c e l l  modules were 
located on t h e  outside surface of the sphere at t h e  apexes-of an imaginary equi- 
l a t e r a l  tetrahedron i n  order t o  provide continuous charging of the storage- 
b a t t e r y  c e l l s  while t h e  s a t e l l i t e  w a s  i n  t h e  sunl ight ,  regardless of s a t e l l i t e  
or ien ta t ion .  Each of t h e  so la r -ce l l  modules w a s  capable of furnishing t h e  
required power and w a s  connected i n  p a r a l l e l  t o  t h e  t ransmi t te r  and b a t t e r y  
modules. All the  modules were interconnected by pr inted cables. The s ize  of 
t h e  various modules ( t a b l e  111) w a s  determined by the  dimensions of the  f o l d s  
of the  packaged sphere and t h e  diameter of t h e  sphere container. 

Figure 6.- Photograph of radio t racking beacon 
s e t  for Explore? I X  s a t e l l i t e .  

L-60-7229. 1 
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Width 

TABLE 111.- DIMENSIONS OF RADIO TRACKING BEACON M0DUL;ES 

Height 
Sa t  e l l i t  e 

Explorer IX 
3.12 
3.12 
4.5 
1.5 

3.41 
3 .4 i  
4.13 
1.5 

Explorer XIX 

0.69 
-69 
.22 
.12 

0.85 
- 85 - 295 
.12 

Component 

Transmitter module 
Bat tery module 
Solar -ce l l  module (each) 
Bat tery switch 

Transmitter module 
Battery-control module 
So la r - ce l l  module (each) 
Bat tery switch 

Length 

4.75 
4.75 
6.5 
1 .5  

5.06 
5.06 
6.25 
1 .5  

The b a t t e r y  switch w a s  b a s i c a l l y  a p a i r  of gold-plated spring-loaded con- 
t a c t  s t r i p s  separated by an in su la to r .  A s  t h e  packaged sphere unfolds a f t e r  
being e jec ted  from the  payload container,  t h e  in su la to r  w a s  pul led out t o  c lose 
t h e  battery-supply c i r c u i t .  

Radio ~~ t racking beacon s e t  f o r  t h e  Explorer XIX s a t e l l i t e . -  The t racking 
beacon s e t  f o r  t he  Explorer XIX satel l i te  w a s  of t h e  same type as t h a t  for t he  
Explorer IX s a t e l l i t e ;  however, some d i f fe rences  did exist .  The probable cause 
of t ransmi t te r  f a i l u r e  f o r  t h e  Explorer IX s a t e l l i t e  w a s  overvoltage of t h e  
t r ansmi t t e r .  (See r e f .  2 . )  A s  a result, t he  following modifications were made 
f o r  t h e  Explorer XIX beacon set: 
voltage regula tors  were incorporated i n t o  t h e  e l ec t ron ic  design, and (2)  a gap, 
vented t o  space, completely around t h e  t ransmi t te r  u n i t  and a bat tery-control  
u n i t  w a s  u t i l i z e d  by suspending t h e  u n i t s  i n  t h e  center  of aluminum cases.  
Several  other  modifications were made t o  t h e  beacon s e t .  
frequency (FU?) power output w a s  increased from 15 m i l l i w a t t s  f o r  Explorer IX t o  
30 mil l iwat t s  for Explorer XIX. 
t o  be placed i n t o  a polar  o r b i t  and would pass through the  rad ia t ion  b e l t s ,  the 
s o l a r - c e l l  shingles  were mounted i n  aluminum containers  and shielded with quartz 
g l a s s  covers t h a t  were 1 / 8  inch th i ck .  In addi t ion,  a zinc oxide pigmented s i l -  
icone elastomer w a s  u t i l i z e d  as t h e  temperature-control coating and was spotted 
over 25 percent of t he  outs ide surface of t h e  Explorer XIX sphere, whereas a 
white epoxy enamel was spotted over 17 percent of t he  outs ide surface of 
Explorer IX, a s  w a s  discussed i n  reference 2. The weights of t he  u n i t s  and t h e  
so l a r - ce l l  modules a r e  given i n  t a b l e  11, and t h e i r  dimensions a r e  given i n  
t a b l e  111. 

(1) two current regula tors  and six Zener diode 

F i r s t ,  t he  radio- 

Second, since t h e  Explorer M X  s a t e l l i t e  was 

Payload Subassemblies 

FqAorer  IX subassemblies.- The subassemblies a r e  t h e  payload hardGare 
necessary t o  t r anspor t ,  i n f l a t e ,  and separate the  12-foot-diameter sphere. The 
folded sphere w a s  t ranported i n t o  o r b i t  i n  a cy l ind r i ca l  container with an 
in s ide  diameter of 81 inches and a length of 18.7 inches.  The payload container 2 
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w a s  mated t o  the  payload attachment c o l l a r  f o r  t h e  Scout launching vehicle  by a 
conical  support sect ion.  (See f i g .  2.) The i n f l a t i o n  and separation system 
located ins ide  t h e  cy l ind r i ca l  container and conical support sect ion consisted 
of an i n f l a t i o n  b o t t l e  with a volume of 102 cubic inches containing 0.5 pound 
of preprocessed (dry) nitrogen gas; an e jec t ion  bellows between t h e  i n f l a t i o n  
b o t t l e  and t h e  folded sphere; and a disconnect mechanism connected t o  t h e  
i n f l a t a b l e  sphere, t h e  e jec t ion  bellows, and the  i n f l a t i o n  b o t t l e .  These items 
a r e  shown i n  f igure  7. The e jec t ion  bellows served two functions: f i r s t ,  t o  
e j e c t  t h e  folded sphere from the  container and, second, as a plenum chamber f o r  
i n f l a t i o n  of t h e  sphere. A wire-rope cable of t he  disconnect mechanism 
r e s t r a i n s  the  forward movement of t he  sphere and t h e  bellows a f t e r  e jec t ion  of 
t h e  folded sphere from t h e  payload container.  After i n f l a t i o n  of t h e  sphere i s  
complete, t h e  disconnect mechanism separates  t h e  i n f l a t e d  sphere from t h e  pay- 
load container.  

L-58-7613.1 
Figure 7.- Photograph of major subassemblies of 

payload package of 12-foot-diameter i n f l a t -  
able sphere. 

An ac t iva t ion  mechanism w a s  u t i l i z e d  t o  i n i t i a t e  operation of the i n f l a t i o n  
and separation system; it consisted of a pressure c e l l ,  a switch, and 6-second 
delay squibs i n i t i a t e d  by rocket-chamber pressure drop a t  burnout of t he  four th  
stage.  

Explorer XIX subassemblies. - The subassemblies f o r  t h e  Explorer XIX sa t e l -  
l i t e  were i d e n t i c a l  t o  those- of t h e  Explorer I X  sa te l l i te ,  except t h a t  t h e  
ac t iva t ion  mechanism consisted of a timer i n i t i a t e d  a t  separation of t h e  fourth- 
stage rocket motor from the  t h i r d  stage.  

ENVIR0WNTA.L TIESTS 

Explorer I X  

The complete payload w a s  subjected t o  environmental t e s t s  approximately 
equivalent t o  those of one launching. The type approval t es t s  and the  f l i g h t  
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acceptance t e s t s  a r e  l i s t e d  i n  t a b l e  IV. The shock t e s t s  were made by dropping 
the payload from a height of approximately 1 foot  along the  rocket-motor t h rus t  
ax is .  The v ibra t ion  t e s t s  were performed with t h e  use of an  electrodynamic 
machine. The t e s t  values applied were equivalent t o  o r  g rea te r  than the  vibra- 
t i o n s  and shock loads t h a t  would be experienced during the  X248 (fourth-stage) 
f i r i n g .  Figure 8(a) i s  a photograph of t he  i n f l a t i n g  sphere 2 seconds a f t e r  it 
i s  ejected from t h e  payload container during a t e s t  of i t s  i n f l a t i o n  system i n  
a vacuum chamber. 
p r i o r  t o  separation from t h e  payload container by t h e  separation mechanism. 
Performance monitoring of t he  payload w a s  ca r r ied  out during the  t e s t  program. 
The type approval and f l i g h t  acceptance t e s t s  were completed without f a i l u r e  
of t h e  payload. Decompression, temperature, humidity, and vacuum t e s t s  were 
a l so  performed, as out l ined i n  t a b l e  I V .  

The sphere i s  shown f u l l y  i n f l a t e d  i n  f igure  8 ( b ) ,  j u s t  

TABLE IV. - ENVIRONMENTAL TESTS FOR EXPLORER IX PAYLOAD 

Test 

Drop t e s t b  
Sustained acce lera t ion  

? ibra t ion  :a 
Sinusoidel 

Gaussian random 

Decompression 

Temperature 

Kumidity 

Vacuum 

Acceleration 
amplitude, 
g u n i t s  

30 
35 

Frequency, 
CPS 

15 t o  500 
'500 t o  2000 

15 t o  d2000 

Type approval 

Duration 

I 
Remarks 

Payload, l e s s  fourth-stage telemeter,  
w a s  subjected t o  a l t i t u d e  changes 
(from sea  l e v e l  t o  approximately 
200,000 f e e t )  i n  8 seconds. 

3 lec t ronic  equipment, l e s s  the  sphere 
Minitrack beacon (while nonopera- 
t i v e ) ,  was subjected t o  tempera- 
t u r e s  of -1-5' F f o r  6 hours and 
140° F f o r  6 hours.  
was then s t ab i l i zed  at  40' F and 
operated.  

The equipment 

Electronic equipment, l e s s  t he  sphere 
Minitrack beacon (while nonopera- 
t i v e ) ,  was subjected t o  a tempera- 
t u r e  of BOo F and a r e l a t i v e  humid- 
i t y  of 100 percent f o r  50 hours. 
The equipment was then operated f o r  
1 hour a f t e r  being subjected t o  
these  conditions.  

Payload, less fourth-stage telemeter,  
a f t e r  completion of type approval 
t e s t s ,  w a s  subjected t o  the  condi- 
t i o n s  of ac t iva t ion  i n  a vacuum 
tank  while spinning a t  approxi- 
mately 180 rpm. The vacuum was 
0 . 5  m Hg. 

Fl ight  acceptance I 
k ce l e ra t ion  
amplitude, 

g u n i t s  

30 
22 

Fre quenc y , 
CPS 

5 t o  50 
50 t o  500 

300 t o  2000 
j25 t o  625 
20 t o  e2000 

Duration I 
nill iseconds 

10 

~ ~~ 

Amplitude, 
g u n i t s  
(nus) 

1.5 
5 

10 
30 
9 
~~ 

Remarks 

Duration, 
minutes 

?ayload, l e s s  fourth-stage telemeter,  
w a s  subjected t o  a l t i t u d e  changes 
(from sea l e v e l  t o  approximately 
200,000 f e e t )  i n  40 seconds. 

~~ 

Elec t ronic  equipment w a s  operated 
f o r  2 hours a t  room conditions 
and self-imposed environment. 

Payload, l e s s  f l i g h t  sphere, and a l l  
e l ec t ron ic  equipment was operated 
by ac t iva t ion  i n  a vacuum tank 
while spinning a t  approximately 
180 rpm. The vacuum w a s  0 .5  m Hg. 

I 

aValues a re  f o r  an X248 rocket motor. 
bConducted twice f o r  type approval t e s t .  
CFor the  frequency range from 525 t o  595 cps, t he  amplitude r i s e s  t o  25g (nus); when the  frequency 

reaches 595 cps, t he  amplitude drops t o  15g (rms). 
dDecreased by 12  dB per  octave,  on an acce lera t ion  bas i s ,  from 1000 t o  2000 cps.  
eDecreased by 6 dB per  octave, on an acce lera t ion  bas i s ,  from 1000 t o  2000 cps. 
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L-60-8085 
(a )  Time: 2 seconds a f t e r  e jec t ion  from 

payload container .  

L-60-8087 
(b) Sphere f u l l y  i n f l a t e d ;  time: 

150 seconds a f t e r  e jec t ion .  

Figure 8.- Photographs of 12-foot-diameter sphere during i n f l a t i o n  t e s t  i n  a vacuum f a c i l i t y .  

The components of t h e  sphere Minitrack beacon were subjected t o  environ- 
mental tes ts  approximately equivalent t o  launching and orb i t ing  conditions. 
Table V i s  a summary of these tests.  
ure of the  beacon. 

The t e s t s  were accomplished without fa i l -  

TABLE: v.- ENVIRONMENTAL TESTING OF COMpONENTS OF INJ?L&I"I'LE-SPHERE "TRACK BEACON 

F Shock 

Vibrat ion:  
S inusoida l  

Gaussian random 

Thermal 

Vacuum 

Remarks 

Acce lera t ion ,  w g ;  t i m e ,  2 t o  6 mi l l i seconds  

Frequency, 20 t o  2000 cps; a c c e l e r a t i o n ,  +3g; d u r a t i o n ,  80 seconds 
Frequency, 200 t o  700 cps; a c c e l e r a t i o n ,  524g; dura t ion ,  10 seconds 
Frequency, 200 t o  TOO cps; amplitude,  22.5g (rms); dura t ion ,  10 seconds 

The beacon t r a n s m i t t e r  and b a t t e r i e s  were opera ted  i n  a thermal 
environment between -loo C and 60° C.  

The components of t h e  type  approval  beacon after completion of t h e  
environmental  tests were t e s t e d  i n  a vacuum tank with  t h e  sphere 
package. The vacuum w a s  0.5 mm Hg. 
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Explorer X I X  

The fl ight acceptance t e s t i n g  l e v e l s  f o r  the  Explorer X I X  payload are  
given i n  t a b l e  V I .  
The difference i n  f l i g h t  acceptance t e s t i n g  l e v e l s  from those of Explorer I X  i s  
because t h e  fourth-stage motor f o r  the  Explorer X I X  launch w a s  an x238 motor, 
ra ther  than an X248 motor, as used f o r  the  Explorer I X  launch. 

The t e s t s  were completed without f a i l u r e  of the  payload. 

TABLE V I  e -  FLIGIEIl ACCEPTANCE ENVIRONMENTAL TESTS FOR EXF'LORER X I X  PAYLOAD 

T e s t  

J i b r a t i o n  :a 
Sinuso ida l  

sweep frequency 

S p e c i a l  
s inusoida l  

Random motion 

Spin balancea 

Accelerationa 

Shocka 

Vacuum 

Remarks 

Logarithmic sweep rate not  g r e a t e r  t han  4 octaves p e r  minute. Along 
t h e  t h r u s t  axis t h e  va lues  were as fol lows:  

Frequency range, Accelerat ion amplitude, 
CPS g u n i t s  

20 t o  50 
50 t o  500 

500 t o  2000 

k1.0 
+4 
f8 

Logarithmic sweep rate: 1 sweep for a durat ion of 12 seconds a t  f2g 
along t h e  t h r u s t  a x i s  only (50 t o  70 cps) . 

Gaussian random with normal t e s t  to le rances .  

Frequency Test  Power- s p e c t r a l -  Approximat e 
range , durat ion,  d e n s i t y  l e v e l ,  

g u n i t s  Axis 

( m s )  
CP s min g2lCPs 

Thrust 20 t o  2000 2 0.03 
Transverse 20 t o  2000 1 .01 

7.7 
4.4 

The f l i g h t  spacecraf t  w a s  dynamically spun balanced a t  t h e  nominal 
m a x i m u m  expected f l i g h t  spin rate. 

l 5 g  along t h r u s t  a x i s  during fourth-s tage burning for a period of 
3 minutes. 
over +lo percent .  

Accelerat ion gradien t  from t h e  center  of g r a v i t y  not  

3g along t r a n s v e r s e  axes for a period of 1 minute. 

Three tests t o  a ha l f - s ine  pulse  of 35g peak amplitude and f o r  a 
du ra t ion  from 10 t o  15 mill iseconds;  along t h r u s t  a x i s  only.  

The payload, less f l i g h t  sphere and a l l  e l e c t r o n i c  equipment, was 
operated by a c t i v a t i o n  i n  a vacuum tank  while t h e  payload was 
spinning a t  approximately 180 rpm. The vacuum w a s  0 . 5  mm Hg. 

aVal.ues are f o r  an x258 rocket  motor. 
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TELEMETRY 

Explorer I X  

The fou r th  s tage of t h e  Scout launching vehicle  f o r  t h e  Explorer IX f l i g h t  
car r ied  a payload te lemeter  i n  t h e  payload compartment. The payload telemeter 
i s  included as a p a r t  of t h e  payload package but  remains with t h e  four th  stage 
when t h e  s a t e l l i t e  i s  separated from the  launch vehicle .  The performance- 
events telemeter i n  t h e  payload compartment w a s  an 8-channel FM/AM type and 
rad ia ted  8.3 w a t t s  of RF power at 244.3 megacycles. 
forms as a performance telemeter during t h e  ascent phase of t he  launch and as 
an events te lemeter  during t h e  e jec t ion ,  i n f l a t i o n ,  and disconnection of t he  
s a t e l l i t e .  For t h e  events monitor a microswitch w a s  used t o  ind ica te  t h e  
opening of t h e  i n f l a t i o n  valve f o r  t h e  pressure b o t t l e ;  two nylon and copper 
switches were incorporated i n t o  the disconnect mechanism t o  ind ica te ,  f i rs t ,  
t h a t  t he  folded sphere w a s  e jec ted  from t h e  payload container and, second, t h a t  
t h e  in f l a t ed  sphere w a s  separated from the  container.  

The payload telemeter per- 

Explorer X I X  

The fou r th  stage of the  Scout launching vehic le  f o r  t he  Explorer XIX 
f l i g h t  car r ied  a telemeter i n  t h e  payload compartment t o  make and r e l ay  meas- 
urements of Scout performance. However, one channel w a s  u t i l i z e d  as an events 
monitor f o r  t h e  payload t o  ind ica te  ac t iva t ion  of t h e  i n f l a t i o n  b o t t l e ,  e jec-  
t i o n  of t h e  folded sphere from t h e  payload container,  and separation of t h e  
i n f l a t e d  sphere from the  o rb i t i ng  fourth-stage rocket motor. 

RESULTS AND DISCUSSION 

Explorer I X  

Es t imates  of t h e  l i f e t ime  of t he  Explorer IX s a t e l l i t e  indicated t h a t  t h e  
l i fe t ime of t h e  12-foot-diameter sphere would be g rea t ly  a f fec ted  by t h e  
o r b i t a l  pos i t ion  of perigee with respect  t o  t h e  sun vector  and so la r  pressure.  
For a constant-energy o r b i t ,  t he  eccen t r i c i ty  would decrease i f  the angular 
momentum could be increased and would r e s u l t  i n  a decrease i n  apogee a l t i t u d e  
and an increase i n  perigee a l t i t u d e .  Thus, if t h e  o r b i t a l  pos i t ion  of the  sat- 
e l l i t e  with respect  t o  t h e  sun could be se lec ted  t o  give t h i s  decrease i n  
eccent r ic i ty ,  t h e  l i f e t ime  of t h e  s a t e l l i t e  could be as much as 2 years  
(kl year) .  It w a s  recommended t h a t  t h e  launching occur between l3:OO and 
16:oo Greenwich mean t i m e  (GMT) on t h e  February 16, 1961, launch date  so t h a t  
t h e  satel l i te  lifetime could be increased. 

The Scout ST-4 ( f i g .  9) was launched a t  l3:03 GM!T and the  Explorer I X  sat- 
e l l i t e  w a s  in jec ted  i n t o  o r b i t  a t  13:16 hours GMT on February 16, 1961, from t h e  
NASA Wallops S ta t ion .  The predicted and ac tua l  o r b i t a l  elements a r e  shown i n  
t a b l e  VII. The launch t i m e  and r e su l t an t  o r b i t a l  parameters have resu l ted  i n  
a satell i te l i f e t i m e  of approximately 3 years.  
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I 

L-61-154 
Figure 9.- Photograph of 

Scout ST-4 vehicle f o r  launch 
of Explorer I X  s a t e l l i t e .  

Heat-flow path f 

0 20 40 60 80 100 120 

Time, sec 

Figure 10.- Time h i s to ry  of temperature of i n s ide  surface 
of payload heat sh ie ld .  

TABU VT1.-  ORBITAL ELEMENTS FOR TKE EXPLORER IX SATELLITE 

Elements 
~~ 

Per igee  a l t i t u d e ,  n a u t i c a l  m i l e s  . . . .  
Apogee a l t i t u d e ,  n a u t i c a l  m i l e s  . . . .  
Per igee  v e l o c i t y ,  f t / s e c  . . . . . . . .  
Apogee v e l o c i t y ,  f t / s e c  . . . . . . . .  
E c c e n t r i c i t y  . . . . . . . . . . . . . .  
I n c l i n a t i o n ,  deg . . . . . . . . . . . .  
Per iod ,  min . . . . . . . . . . . . . .  
I n j e c t i o n  a l t i t u d e ,  n a u t i c a l  miles . . .  
I n j e c t i o n  f l i g h t - p a t h  angle ,  deg . . . .  
I n j e c t i o n  ve loc i ty ,  f t / s e c  . . . . . . .  
I n j e c t i o n  m t i o  . . . . . . . . . . . .  

Predic ted  

351.4. 
1434.6 
26,226 
20,400 

37.93 
iig .32 
351.6 
-0.06 

26,226 
1.06354 

0.124942 

Figure 10 shows the temperature on the  ins ide  surface of the  payload 
sh ie ld  during t h e  f irst  2 minutes of ascent .  The data  were obtained from 

Actua l  

342.42 
1400.7 
26,206 
20,480 

0.12263 
38.91 

118.552 
363.8 
1.80 

26,102 
1.0585 

heat 
the 

telemeter i n s t a l l e d  i n  t h e  t r a n s i t i o n  sect ion between t h e  th i rd-  and fourth-  
s tage motors of t he  Scout launching vehicle and ind ica te  t h a t  t he  payload expe- 
rienced no severe temperature environment during ascent .  Figure 11 shows the  
sustained a c c e l e r a t i o n ' i n  t h e  payload area during spin-up and burning of t h e  
fourth-stage rocket motor. 
below t h e  t e s t i n g  l e v e l i n  t h e  f l i g h t  acceptance and type approval t e s t s .  
normal and t ransverse acce lera t ions  r e su l t i ng  from t h e  spinning four th  stage 
a re  not considered severe.  
t h e  bellows during vehicle  ascent .  The free-stream pressure h i s to ry  i s  a l so  
shown i n  t h e  f igu re  f o r  vehicle  ascent .  
determine whether res idua l  a i r  pressure i n  t h e  bellows would r e s u l t  kn premature 

The accelerat ion i n  t he  longi tudinal  d i r ec t ion  w a s  
The 

Shown i n  f igu re  1 2  i s  the  pressure h i s to ry  ins ide  

Decompression t e s t s  had been made t o  



e jec t ion  of t h e  payload. 
bellows pressure decreased during vehicle  ascent a s  rap id ly  a s  the  free-stream 
pressure;  therefore ,  premature e j ec t ion  of t h e  payload was not a problem. 

(See r e f .  1.) The f l i g h t - t e s t  da ta  ind ica te  t h a t  t h e  
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Figure 11.- Accelerations i n  payload area  during 
spin-up and burning of Scout ST-4 fourth- 
stage rocket motor. 
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Figure 12.- Time h i s to ry  of payload bellows 
pressure during ascent of Scout ST-4 vehicle.  
(Note: 
based on a l t i t u d e  p lo t t ed  against  time f o r  
Scout and U.S. Standard Atmosphere, 1962.) 

The free-stream pressure curve i s  

I 

The sequence of events i n  t h e  
e jec t ion  and i n f l a t i o n  of t he  
Explorer I X  s a t e l l i t e  was a s  follows: 
a pressure switch with 6-second delay 
squibs w a s  ac t iva ted  when the  chamber 
pressure of t he  fourth-stage rocket 
motor dropped t o  a predetermined 
value; t h e  pressure switch f i r e d  the  
pyrotechnics t h a t  ac t iva ted  the  i n f l a -  
t i o n  b o t t l e ;  t h e  i n f l a t i o n  gas pres- 
sur ized t h e  bellows r e su l t i ng  i n  be l -  
lows elongation and e jec t ion  of  t h e  
folded sphere; t h e  sphere inf la ted  t o  
a diameter of 12 f e e t ;  f i n a l l y ,  t he  
i n f l a t e d  sphere separated from the  
disconnect mechanism as a spring 
pushed it away from t h e  o rb i t i ng  
rocket motor. Shown i n  f igure  13 i s  
a te lemeter  record of t h e  f l i g h t  data  
f o r  t he  Scout ST-4 launching of  t h e  
Explorer I X  s a t e l l i t e .  The events 
s igna l  ind ica t ing  squib f i r i n g  and 
ac t iva t ion  of t h e  i n f l a t i o n  b o t t l e  
occurred a t  626.65 seconds. This 
time w a s  approximately 6 seconds a f t e r  
t h e  thrust-decay period of t he  fourth-  
s tage rocket -motor chamber pressure,  
as expected. The events s ignal  ind i -  
ca t ing  e jec t ion  of t he  Explorer I X  
sa te l l i t e  from i t s  payload container 
occurred a t  627.05 seconds. 
a r a t ion  of t he  s a t e l l i t e  from the  
o rb i t i ng  rocket motor i s  shown t o  
occur a t  approximately 809.2 seconds 
from launch. The t o t a l  time of  i n f l a -  
t i o n  was, therefore ,  182.55 seconds. 

The sep- 

Shown i n  f igu re  14 i s  the  pres- 
sure time h i s to ry  ins ide  the  bellows 
from the  time of ac t iva t ion  of t h e  
i n f l a t i o n  b o t t l e  t o  payload separation 
from the  fourth-stage rocket motor. 
Figure 13 i s  a drawing of the  ejec- 
t i o n  bellows used with the  Explorer I X  
s a t e l l i t e .  I n  f igu re  l 5 ( a )  the  be l -  
lows i s  shown i n  i t s  folded posi t ion 
p r i o r  t o  ac t iva t ion  of t h e  i n f l a t i o n  
b o t t l e .  Figure l5(b)  shows the  
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Figure 13.- Payload telemeter record of f l i g h t  data f o r  Scout ST-4 launching of Explorer IX s a t e l l i t e .  
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Figure 14.- Variation of payload bellows pressure with time during 
i n f l a t i o n  of Explorer I X .  

bellows a t  f u l l  longi tudinal  exten- 
sion during i n f l a t i o n  a t  which 
poin t  t h e  payload i s  e jec ted  and i s  
being i n f l a t e d .  The expansion 
operation of t h e  bellows during the  
launch can be shown by simultaneous 
examination of f igu re  15 and t h e  
i n s e r t  of f i gu re  14. Zero t i m e  i s  
ac t iva t ion  of t h e  i n f l a t i o n  b o t t l e .  
Immediately, t he  nitrogen i n f l a t i o n  

PB = Bellows pressure 

gas pressurizes  the bellows u n t i l  
ac t iva t ion  of i n f l a t i o n  b o t t l e .  0.25 second, a t  which time a be l -  

(a) Bellows i n  i t s  folded pos i t ion  p r io r  t o  

r e s t r a ined  by a wire-rope cable 
diameter i n f l a t ab le  sphere. (All dimensions assembly. This bellows expansion 
a r e  i n  inches. ) r e s u l t s  i n  a momentary pressure 

Figure 15.- Ejection bellows used with 12-foot- 

drop u n t i l  0.4 second, by which 
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time the  bellows has expanded longi tudinal ly  t o  i t s  maximum length and t h e  
folded sphere has been ejected.  
11.7 lb/sq i n .  during the  next 10 seconds a f t e r  which time t h e  pressure begins 
decreasing as the  nitrogen gas passes i n t o  the  12-foot-diameter sphere u n t i l  
t h e  in f l a t ed  sphere separates  from t h e  fourth-stage rocket motor a t  182.55 sec- 
onds. (See f i g .  14 . )  

The bellows pressure again increases  t o  

5 

2 3 4 

6 7 8 
L -60 - 7834 Figure 16.- Photographs oT a 12-foot-diameter sphere being inflated in a vacuum facility. 

The mode of i n f l a t i o n  i s  shown i n  f igu re  16. 
of a t y p i c a l  i n f l a t i o n  during a development t e s t  i n  a vacuum f a c i l i t y .  It can 
be shown t h a t  this mode of i n f l a t i o n  w a s  experienced i n  i n f l a t i n g  t h e  
Explorer I X  s a t e l l i t e .  
t he  Scout launching vehicle ,  t h e  rocket motor and payload were spun up t o  
approximately 224 rpm f o r  spin s t ab i l i za t ion .  
h i s to ry  for t h e  fourth-stage rocket motor during i n f l a t i o n  of t h e  Explorer I X  
s a t e l l i t e .  After burnout of t h e  rocket motor, t h e  spin rate w a s  240 rpm a t  
sphere e jec t ion .  From this time u n t i l  payload separation, the  only connection 
between t h e  12-foot sphere and the rocket motor i s  through a spherical  bearing 
which i5 a p a r t  of t h e  i n f l a t i o n  stem. 
t o  7 i n  f igu re  16 occur i n  about 18 seconds and represent t h e  increasing of the 
rad ius  of m a s s  concentration from that  of a folded condition t o  a sphere with a 
rad ius  of almost 6 f e e t .  T h i s  expansion of t he  sphere r e s u l t s  i n  a l a rge  

The f igu re  i s  a photograph 

P r i o r  t o  ign i t i on  of t he  fourth-stage rocket motor of 

Figure 17 i s  the  spin-rate  t i m e  

(See f i g .  &(e)  of r e f .  1.) Steps 1 
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increase i n  t h e  moment of i n e r t i a  of t h e  sphere about t h e  longi tudinal  o r  spin 
ax is ;  therefore ,  the spin r a t e  decreases.  The orb i t tng  configuration i s  then a 
rap id ly  ro t a t ing  rocket motor and a slowly ro t a t ing  sphere connected by a spher- 
i c a l  bearing. The minute f r i c t i o n  of t he  bearing gradually br ings  the  spin r a t e  
of each toward an equilibrium condition o r  steady-state value.  The reduction of 
t he  rocket-motor spin r a t e  i s  shown i n  f igure  1.7 between 0 and 100 seconds. 
However, a t  100 seconds s t ep  8 of f igu re  16 i s  approached. The pressurized 
sphere soon i s  s t ressed  enough t o  make contact with the  payload container,  a l so  
shown i n  s tep  8 of t he  f igu re .  
t he  payload container r e s u l t s  i n  a more rapid approach t o  an equilibrium spin 
r a t e  between t h e  two. Final ly ,  t he  sphere and rocket motor a re  spinning a t  t he  
same r a t e  of 36.8 rpm. 
i n i t i a l  spin rate of 240 rpm, and the  i n i t i a l  configuration, the  f i n a l  spin 
rate should have been 28.4 rpm. 

The increase i n  contact between t h e  sphere and 

Based on t h e  conservation of angular momentum, an 

The difference between 28.4 and 36.8 rpm i s  
a t t r i b u t e d  t o  t h e  accuracy of t he  measurements 
moment of i n e r t i a  of each of the  corresponding 

and t o  the  approximations of the  
assemblies. 

240k Spin  r a t e  a t  sphere  e j e c t i o n  

0 Wallops te lemeter  s t a t i o n  
0 Burmuda te lemeter  s t a t i o n  

E P I 
.n 4 n 120 t I 

80 t b 
I 

40 t ? 1 Spin r a t e  a t  sphere  s e p a r a t i c n  

t 

F i n a l  s p i n  r a t e  based on 
csnserva t ion  of angular momentun 

t 
n r ;  

F i n a l  s p i n  r a t e  based on 
csnserva t ion  of angular momentun 

I I I I I I I I I I I 

140 160 180 200 0 20 40 60 80 100 120 
Time from a c t i v a t i o n  of i n f l a t i o n  b o t t l e ,  sec  

Figure 17.- Variation of spin r a t e  with t i m e  f o r  Scout ST-4 fourth-stage rocket motor 
during i n f l a t i o n  of Explorer IX s a t e l l i t e .  

A s  w a s  previously mentioned, t h e  e jec t ion ,  i n f l a t ion ,  and separation of 
t h e  sphere w a s  accomplished i n  182.55 seconds. 
onds sooner than t h e  time indicated i n  t h e  s e r i e s  of development t e s t s  per- 
formed i n  a vacuum f a c i l i t y .  
n i sm between t h e  sphere and the  payload container .  On t h e  left-hand s ide  of 
t h e  f igure  the  disconnect mechanism i s  shown i n  i t s  posi t ion r e l a t i v e  t o  the  
e a r t h  during the  development t e s t s ;  on the  right-hand s ide of t he  f igure  the  
mechanism i s  shown i n  i t s  pos i t ion  r e l a t i v e  t o  the  ea r th  during separation i n  
o r b i t .  For payload separation t o  occur, t h e  valve spring must 'push the  be l -  
lows pis ton assembly toward t h e  wire-rope cable assembly. 

This timing w a s  near ly  90 sec- 

Figure 18 i s  a drawing of the  disconnect mecha- 

Dur,f,ng a development 
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t e s t ,  t h e  spring force must overcome the  pressure force of the bellows and a l s o  
l i f t  t h e  weight of the  bellows pis ton f o r  separation t o  occur. I n  o r b i t  t h e  
spring force has only t o  overcome the pressure force of the  bellows; therefore ,  
f o r  a given spring force  a l a r g e r  pressure force can be overcome i n  o r b i t  than 
i n  a development t e s t .  Since t h e  bellows pressure i s  decreasing with time 
p r i o r  t o  separation, the separation would occur e a r l i e r  i n  o r b i t  than i n  a 
development t e s t  with the  payload i n  a v e r t i c a l  condition. 

p' 

= Frontal area based on bellows diameter 
FB = Bellows pressure force 
FS = Spring force 
PB = Pressure in bellows 
Wg = Force of gravity of bellows piston 

assembly 

FB '$.B- Bellows piston assembly 

Forces f o r  separation during development tes t s  Forces f o r  separation i n  orbi t  

Figure 18.- Or ien ta t ion  of  disconnect mechanism between sphere and payload container 
during separation for a development t es t  and during separation i n  o r b i t .  

Having completed t h e  necessary s teps  f o r  e jec t ion ,  i n f l a t i o n ,  and separa- 
t i o n  i n  or.bit,  the  Explorer I X  s a t e l l i t e  would appear as shown i n  t h e  cutaway 
drawing i n  figure 1.9. Because o p t i c a l  t racking of t h e  Explorer I X  s a t e l l i t e  
w a s  t o  be the  primary method of s a t e l l i t e  acquis i t ion ,  the  degree of o p t i c a l  
v i s i b i l i t y  of t h e  i n f l a t e d  12-foot-diameter sphere i l luminated by t h e  sun while 
i n  a s a t e l l i t e  o r b i t  had t o  be determined. I n  order t o  pred ic t  the o p t i c a l  
v i s i b i l i t y  of the  i n f l a t e d  sphere, it w a s  f i rs t  necessary t o  determine whether 
t h e  s a t e l l i t e  re f lec ted  as a d i f fuse  o r  specular sphere and what i t s  albedo 
would be. It w a s  determined i n  reference 1 t h a t  t h e  aluminum sphere w a s  essen- 
t i a l l y  a specular r e f l e c t o r  with an albedo of 79 percent.  
t h a t  t h e  white epoxy paint  which was spotted over t h e  outside surface of the  
sphere w a s  approximately a d i f fuse  r e f l e c t o r .  Figure 20 presents  t h e  apparent 
magnitude at zeni th  of a specular 79-percent-ref lect ivi ty  12-foot-diameter 
spherical  sa te l l i t e  p lo t ted  against  dis tance of sa te l l i t e  from t h e  observer. 
Also shown i n  f igure  20 i s  t h e  apparent magnitude of t h e  sphere with 83 percent 
of t h e  area r e f l e c t i n g  as a specular r e f l e c t o r  and 17 percent of the area 
r e f l e c t i n g  as a d i f fuse  r e f l e c t o r .  

Reference 4 indicated 

The values of 83 percent and 17 'percent  
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L-60-7809.2 
Figure 19.- Cutaway drawing of the  Explorer I X  s a t e l l i t e  

i n  o r b i t .  

7 r  0 

Moonuatcbteam observations 

Cmbinstion: 83 percent sp"Lar,  17 percent diffuse 
specular rsnectm, n 

400 800 1200 1600 2000 2400 2800 3202 

Distence 0: sctellite from observer ,  kiloneters 

Figure 20.- Apparent magnitude a t  zeni th  f o r  
Explorer I X  s a t e l l i t e  f o r  a nighttime sky. 

r epresent ,  respec t ive ly ,  the per- 
centage surface area of aluminum 
and of white epoxy pa in t  f o r  t he  
Explorer I X  s a t e l l i t e .  A discus- 
s ion  of t h e  ca lcu la t ions  necessary 
f o r  determining the  apparent mag- 
ni tude i s  given i n  t h e  appendix. 
During i t s  l i fe t ime i n  o r b i t ,  t h e  
Explorer I X  sphere i s  observed by 
var ious Moonwatch teams located 
throughout t h e  world. The 
Moonwatch teams record the  apparent 
magnitude of o rb i t i ng  objec ts .  
Their  observations f o r  t he  
Explorer I X  s a t e l l i t e  a r e  shown i n  
f i g u r e  20 f o r  comparison with t h e  
t h e o r e t i c a l  curves. The da ta  a r e  
considered t o  be i n  exce l len t  
agreement with t h e  t h e o r e t i c a l  
curves because of t h e  many var ia -  
t i o n s  t h a t  can a f f e c t  t h e  observa- 
t i o n s .  The observed magnitudes - 

are estimated to t h e  nearest  whole number by comparison with a s ta r ,  and no 
correct ion i s  made f o r  atmospheric a t tenuat ion .  
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Explorer X I X  

The Scout 122 vehicle  was launched a t  18:49 GMT, and t h e  Explorer X I X  s a t -  
e l l i t e  was in jec ted  in to  o r b i t  a t  18:59 GMT on December 19, 1963, from the  
Pac i f i c  Missile Range. The events monitoring channel indicated t h a t  t he  
12-foot sphere w a s  e jected and separated.  Radar cross-section observations 
indicated t h a t  the sphere was f u l l y  i n f l a t e d .  The Moonwatch teams made obser- 
va t ions  of t h e  Explorer X I X  sphere and reported t h a t  it w a s  not s c i n t i l l a t i n g  
i n  br ightness  and w a s  of t h e  appropriate magnitude expected. Thus it w a s  con- 
cluded t h a t  t h e  Explorer X I X  sphere w a s  f u l l y  i n f l a t e d .  The successful ejec- 
t i o n  and i n f l a t i o n  of t he  Explorer XIX s a t e l l i t e  again demonstrated t h a t  t h e  
folded sphere w i l l  not e j e c t  prematurely. The radio t racking beacon continues 
t o  operate,  except t h a t  t he  s igna l  l e v e l  i s  from -135 t o  -140 aBm and acquis i -  
t i o n  i s  extremely d i f f i c u l t .  The predicted and ac tua l  o r b i t a l  elements a re  
shown i n  t a b l e  V I I I .  

TABI;E VII1.- ORBITAL ELEMENTS FOR THE EXPLORER XIX SATEZLITE 

Elements 

Perigee a l t i t u d e ,  naut ica l  miles . 
Apogee a l t i t u d e ,  nau t i ca l  m i l e s  . 
Semi-major ax i s ,  naut ica l  miles . 
Eccent r ic i ty  . . . . . . . . . . .  
Inc l ina t ion ,  deg . . . . . . . . .  
Argument of perigee,  deg . . . . .  
Period, min . . . . . . . . . . .  
In jec t ion  a l t i t u d e ,  nau t i ca l  miles 
In j ec t ion  f l igh t -pa th  angle,  deg . 
In j ec t ion  ve loc i ty ,  f t / s e c  . . . .  

. . .  

. . .  . . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

Predicted/\ 

322.1 
1616. o 

0.14667 
4412.46 

78.497 
165.381 
122 * 557 

0 
322.1 

26 , 562 

31-9.6 
1290.8 

78.618 
160.815 
115 * 791 

323 
0.6 

26,162 

4249.26 
0.11429 

CONCLUDING REMARKS 

A study has  been made of t h e  f l i g h t - t e s t  r e s u l t s  f o r  t h e  launch and 
o rb i t i ng  of t h e  12-foot-diameter i n f l a t a b l e  spheres, Explorer I X  and 
Explorer XIX.  The two f l i g h t  t e s t s  have demonstrated t h a t ,  i n  general ,  t he  
in - f l i gh t  operation of t h e  e j ec t ion  and i n f l a t i o n  system performed as was 
expected from environmental t e s t s .  The i n f l a t i o n  of both spheres has ind i -  
cated t h a t  a s t ruc tu re  t h a t  i s  l ightweight and de l i ca t e  can be ejected,  
i n f l a t ed ,  and separated from a launching vehicle  a f t e r  being exposed t o  t h e  
environment imposed by an o r b i t a l  launch which includes speeds of 26,000 f e e t  
per  second and f o r  t he  Scout vehicle  spin r a t e s  between 160 and 240 rpm. 

The two flight t e s t s  have demonstrated t h a t  t he  longi tudina l ly  unrestrained 
folded sph,ere will not e j e c t  prematurely. 
launch of Explorer I X  indicated t h a t  separation of t he  i n f l a t e d  sphere while i n  
orbit can be expected t o  occur i n  l e s s  time than during environmental t e s t s  
performed i n  a v e r t i c a l  configuration. 

The f l i g h t - t e s t  r e s u l t s  f o r  t h e  
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Optical  observations of t h e  o rb i t i ng  sphere agree very w e l l  i n  apparent 
magnitude with t h e  design ca lcu la t ions  f o r  t h e  apparent magnitude of t h i s  type 
of s a t e l l i t e .  The events monitoring channel of t he  payload telemeter indicated 
t h a t  t he  Explorer X I X  s a t e l l i t e  w a s  e jec ted  and separated.  Optical  and radar 
observations of t h e  Explorer XIX s a t e l l i t e  have indicated t h a t  it also i s  f u l l y  
i n f l a t e d  . 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Stat ion,  Hampton, Va . ,  June 4, 1964. 
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APPENDIX 

O P T I C A L  VISIBILITY O F  A SPHERICAL SATELLITE 

SYMBOLS 

a albedo o r  ref lectance 

E i l lumination a t  observer on ear th ,  foot-candles 

H e levat ion angle of sun above horizon 

h dis tance from s a t e l l i t e  t o  observer, f t  

I luminous i n t e n s i t y  of s a t e l l i t e  i n  d i rec t ion  of observer, 
(foot-candles) ( sq  f t )  

m s t e l l a r  magnitude 

r radius  of spherical  s a t e l l i t e ,  f t  

U elevat ion angle above horizon 

8 phase angle, radians 

DEVELOPMENT OF EQUATIONS 

I n  reference 5 ,  t h e  basic  equations were derived f o r  determining the  
observed i l lumination from a sphere r e f l e c t i n g  sunlight a t  a dis tance from the 
observer f o r  both a diffused and a purely specular sphere. I n  reference 6 a 
de ta i led  method i s  formulated f o r  calculat ing the i l lumination a t  the observer 
on ear th  from a purely diffused sphere. I n  both reports  the i l lumination a t  
t h e  observer w a s  
decreased by the 
equation f o r  t h e  

The value of t h e  

~ 

increased by t h e  square of the  radius of the sphere and 
square of the  dis tance from the  sphere t o  the observer. The 
i l lumination a t  t h e  observer on e a r t h  i s  

I .-0.117 csc a E = -  
h2 

at tenuat ion coef f ic ien t ,  0.117, occurs when there  i s  a very 
c l e a r  sky, an elevat ion of 10,000 f e e t ,  and approximately 3 mm of ozone 
(ref.  6 ) .  
the d i rec t ion  of t h e  observer depends upon whether the sphere has a diffused 
o r  specular r e f l e c t i n g  surface.  

The value of the luminous i n t e n s i t y  per un i t  area of the sphere i n  



I f  the  sphere has a pe r fec t ly  d i f fus ing  surface obeying Lambert's law, the  
l i g h t  r e f l ec t ed  by t h e  sphere should vary with t h e  phase angle,  a s  shown i n  
reference 7, where t h e  phase angle i s  defined a s  t h e  angle between t h e  direc-  
t i o n  t o  t h e  sun and t h e  l i n e  of s igh t  t o  . the observer. 
phase angle 9 i s  a + H. Reference 8 gives  t h e  i l luminat ion due t o  the  sun 
and outs ide of  t h e  e a r t h ' s  atmosphere as 12,700 foot-candles.  
i n t e n s i t y  of t he  s a t e l l i t e  of radius  
( ref .  7) i s ,  therefore ,  

The expression f o r  t h e  

The luminous 
r i n  t h e  d i r ec t ion  of t he  observer 

'diffuse sphere 

Combining equations (1) and (2)  gives t h e  following r e l a t i o n  f o r  t he  Illumina- 
t i o n  observed on the  surface of t h e  ea r th  f o r  a d i f f u s e l y  r e f l e c t i n g  sphere 
i l luminated by t h e  sun 

9 + (3-t - - -B)COS 9 3 e-~ .117csc  a 
(3 Ediffuse sphere = a 3 3-t ~ ]he 

For a purely specular sphere, t he  luminous i n t e n s i t y  I i s  independent o 
the  phase angle while being one-fourth of t h e  incident  f l u x  or  i l luminat ion 
( r e f .  5 ) .  The equation f o r  t h i s  re la t ionship  i s  

- 12,700 a*2 
4fl 'specular sphere - ( 4  

For a specular r e f l e c t i n g  sphere, t h e  i l luminat ion observed on the  surface of 
t h e  e a r t h  i s  obtained by combining equations (1) and ( 4 ) .  
i s  

This i l luminat ion 

12,700 - r2 e-0.117csc a 
4 h2 

Especular sphere = a 

Once t h e  i l luminat ion a t  t he  observer on e a r t h  i s  known, the  s t e l l a r  
magnitude m of t h e  sphere, when seen a t  any d is tance  by an observer, can be 
calculated by t h e  following equation: 

m = -2.5 log  E - 16.46 ( 6 )  
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